ABSTRACT Evidence is presented for presetting and erasure at the P locus of maize. The presence of an Mp transposable controlling element in the P' allele affects the presetting. and thus the regulation of gene function in different tissues.
Maize is especially well suited for genetic studies with its large abundantly produced kernels, plentiful good endosperm markers, separation of male and female inflorescences (which facilitates controlled pollination), and "good" meiotic chromosomes. In addition, the late sequestering of the germ line during development permits study of the regulation of gene activity in a manner not possible in animal material. Specifically, by following the expression ofgenes affecting pericarp pigmentation, one can identify ear sectors arising from early "somatic" changes in gene function and determine in the next generation the behavior of the genes that had undergone the change in function.
In her analysis of the Spm controlling element system in maize, McClintock (1, 2) has presented evidence for a presetting and subsequent erasure ofgene loci during development. Analysis of the tissue-specific expression ofthe P gene in maize suggests that this locus contains a number of regulatory sites that control its function in particular tissues. These sites are preset, usually early in development, so that a gene will be either on or off in a particular tissue.
The P gene (3) controls the synthesis of a red phlobaphene pigment in the pericarp, cob, and certain other tissues (4). The pericarp, which forms the outer layer of the mature kernel, is the ovary wall and hence is maternal tissue. Pigmentation in the pericarp and cob are almost certainly controlled by two different regions of the P gene since gene function can be differentially regulated in these two tissues. The P'T, PF", P"', and pFw alleles give red pericarp/red cob, red pericarp/white cob, white pericarp/red cob, and white pericarp/white cob phenotypes, respectively (4, 5) . Furthermore, there must be at least two different regions of the P gene that control pericarp color. Pigmentation in the crown of the pericarp, the area around the point of silk attachment, and in the remainder of the pericarp, designated gown, can also be differentially regulated.
The variegated pericarp (F!") allele was first studied and described by Emerson (6, 7) . Brink and Nilan (8) showed that this allele has a transposable Mp element at the P locus that suppresses the action of the gene. Normal gene activity follows when the Mp element is transposed away from the locus. Late transpositions give rise to variegated kernels that have red stripes on a white background. Early transpositions appear as ear sectors that can include many kernels. The timing of Mp transposition is controlled by Mp dosage. Brink's Mp is equivalent to McClintock's Ac and, as is the case with Ac, transposition is delayed by an increase in the number of Mp elements in the genome (9, 10) . Whereas the presence ofthe Mp element suppresses the action of the P gene in the gown region of the pericarp, gene activity in the crown is not similarly affected in I'm ears (7) . The crown region of the pericarp can be nonpigmented or red (dark crown), and the ears are a mosaic ofvarious sized sectors of white crown or dark crown kernels. Furthermore, Emerson showed that in P"t ears the red pigmentation of the crown is correlated with red pigmentation of the underlying glumes of the cob. The nonassociation between pigmentation in crown and gown is most strikingly observed in cases of early transposition of Mp. Although completely red pericarp kernels are occasionally observed, one frequently sees "nearself" kernels (7) that are wholly red except for a nonpigmented crown (Fig. 1) . The near-self kernels may occur as large sectors or as isolated kernels on a pFv ear. The near-selfphenotype does not breed true, and such kernels give rise to the Prr phenotype in the next generation, showing red crown, red gown, and red cob.
Thus, Pvv is a Prr allele in which gene activity in the gown is suppressed by Mp. Transposition of Mp away from the P locus results in the immediate restoration ofgene activity in the gown but not in the crown or cob. Crown and cob color is not restored until the next generation.
I suggest that the P locus contains cis-acting regulatory sites that control the formation ofred pigment in the cob, crown, and gown of the pericarp. In the Prr allele, the sites are preset for activity in all three tissues. In the p"' allele, the Mp element suppresses P activity in the gown but not in the crown or cob. However, the presence of this element affects the presetting of the site(s) that controls activity in crown and cob and it can be preset to be either off or on. The ears arising from near-self kernels are typically Prr and show the flavonoid pigmentation in cob and crown as well as gown. Thus, at meiosis or fertilization, the setting is erased and the sites are reset in the next generation. Since all-white kernels are not observed in regions of pvv ears that carry a single dose of Mp, it is concluded that, unlike the crown and cob regulatory site(s), the gown site ofthe P gene is always set to the on condition in pv" ears.
The mutation of Pvv to a stable colorless allele, as described by Brink (11) , offers support for the proposed presetting hypothesis. The mutation arose as a large sector of 43 kernels on a F" ear. The kernels in the sector were dark crown with pigmentation limited to the silk-attachment region. The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. Mp element, that would cause all the sites in the locus to be preset to the off condition giving colorless gown, crown, and cob. However, since the crown and cob sites were already preset to on at the time of mutation, the completely colorless phenotype would not be manifested until'the next generation.
Thusj this appears to involve the same phenomenon but is the reverse of the condition encountered with the near-selfkernels in which the crown and cob sites of the P locus are preset to the off condition prior to the transposition of Mp, with the result that the full pigmentation phenotype of the pv" revertants does not appear until the second and subsequent generations.
To account for the nonheritability of the dark crown pattern of pericarp color, Emerson (7) (12) . In both dark crown and near-self kernels, pericarp color was irregularly distributed in both epidermal and subepidermal tissue. Furthermore, in dark crown kernels, the two vascular bundles of the silk, which is formed from the fused outgrowth of the two anterior carpels, are deeply pigmented, as is the crown region of the pericarp, which originates from the posterior carpel (ref.
13; unpublished results). The morphological evidence is not in support ofthe concept that expression ofthe P gene is restricted to epidermal cells of dark crown kernels and to subepidermal cells of near-self kernels.
The following model is presented to account for the phenotype of the PFv kernels. The tissues that are pigmented in dark crown kernels-i. e., glumes, silk, and crown-are tissues that are present as part of the pistillate spikelet at the time of fertilization. The gown region of the pericarp represents post-fertilization tissue resulting from growth of the ovary wall during seed development and enlargement. The P locus has two stagespecific cis-acting regulatory sites that control gene function during the pre-and post-fertilization periods. In standard P', the Mp element is postulated to lie between these regulatory sites so that, in relation to the structural gene of the P locus, it is distal to the pre-fertilization site and proximal to the postfertilization site. Mp blocks control of P gene function by the post-fertilization regulatory site and presets the pre-fertilization site to either the off or on condition. The irregularity of the pigmentation pattern in the crown region results from some degree ofcellular nonsynchrony in the switch between the two regulatory sites for control of the P gene during kernel development.
This analysis of P gene suggests that, at least for P, gene regulation in development does not involve an irreversible geneic or chromosomal change.
